ABSTRACT This prospective study was conducted in 6 hospitals in Edmonton, Canada to determine the factors associated with obtaining sputum for culture and the effect of sputum culture on the management of patients with community-acquired pneumonia (CAP). Participants were 1362 adults who were hospitalized with CAP. Sputum was obtained from 539 (39.6%) patients, of which 507 (94.1%) were good quality, acceptable for culture; 171 (33.7%) of these had a positive sputum culture. Levofloxacin, cefuroxime and azithromycin were the most common antibiotics prescribed for the groups with positive sputum culture and no sputum collection. Positive sputum culture was demonstrated in only a small number of patients with CAP; this did not affect antimicrobial therapy or mortality. 
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Introduction
The value of sputum culture in the diagnosis, management, and outcome of community-acquired pneumonia (CAP) remains a matter of controversy. The Infectious Diseases Society of America pneumonia guidelines recommend Gram staining and culture of expectorated sputum for inpatients with CAP [1] . The reasons for this recommendation are to permit optimal antibiotic selection directed to the causative agent; to limit injudicious antibiotic use in terms of cost; to limit inducible resistance and adverse drug reactions; to support a rational basis for change from parenteral to oral therapy and any change in therapy necessitated by an adverse drug reaction; to identify drug resistant pathogens and monitor trends such as penicillin-resistant Streptococcus pneumoniae, β-lactamase-producing Haemophilus influenzae, or methicillin-resistant Staphylococcus aureus; and to prompt contact tracing of organisms like H. influenzae type b and Neisseria meningitidis [1] . On the other hand, the American Thoracic Society pneumonia guidelines recommend sputum culture only if a drug-resistant pathogen or an organism not covered by usual empiric therapy is suspected [2] .
In a recent evaluation of the usefulness of sputum culture for diagnosis of CAP, only 15.8% of the study population of 1669 patients had a microbiological diagnosis [3] . However, more than 40% of the patients did not have a sputum specimen collected, and 46% of the collected specimens were of poor quality and were not cultured [3] . In contrast to this Musher, Montoya and Wanahita argue persuasively for performing sputum culture and indicate that it has a sensitivity of 79% when bacteraemic pneumococcal pneumonia is used as the gold standard [4] . However, in 47 of the 105 patients in their study, sputum was not submitted or was inadequate for culture.
We conducted this study to evaluate the factors associated with obtaining sputum for culture and to determine the effects of sputum culture on the management and outcome of patients with CAP.
Methods
The study was carried out from 15 November 2000 to 14 November 2002. It was approved by the research ethics board of the University of Alberta. The study was part of the evaluation of a comprehensive pathway for the treatment of CAP. Participants were adults aged 17 years and older who were hospitalized at any of the 6 hospitals in Capital Health Region, Edmonton, Alberta, Canada with a diagnosis of CAP. Pregnant women, nursing mothers, immunosuppressed patients (patients receiving ≥ 10 mg prednisone per day for more than 2 weeks, or other immunosuppressive drugs), and those who had been hospitalized within 30 days prior to the current hospitalization were excluded from the study. Those with HIV infection were excluded if the T-helper lymphocytes CD4 positive count was < 250/mm 3 . We also excluded patients who were managed as outpatients or needed to be admitted to the intensive care unit, as well as those from acute and sub-acute and continuous care facilities. For patients with multiple admissions, only the first admission was included.
CAP was defined as ≥ 2 of the following symptoms or signs: fever (temperature > 38 °C), cough, sputum production, shortness of breath, pleuritic chest pain, crackles, or consolidation on examination of the chest, together with an acute pulmonary infiltrate evident on the chest radiographs compatible with pneumonia.
"In-patients" are those patients who were hospitalized on the ward and did not need admission to the intensive care unit.
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After explaining the procedure to them, all patients were asked, if at all possible, to provide a sputum sample in a sterile sputum specimen container under the supervision of a nurse. Sputum specimens were collected before administering antibiotics in the emergency departments.
Only sputum specimens with > 25 polymorphonuclear cells and < 10 epithelial cells per low-power field were considered of good quality and were processed [5] . Sputum specimens were cultured onto sheep blood agar plates incubated in 5% CO 2 for 24 hours. If no growth was evident at 24 hours, plates were further incubated for a total of 48 hours. In addition, the sputum specimen was also cultured onto a chocolate agar plate and a MacConkey agar plate for 24 hours (all media Dylan Inc., Edmonton, Alberta). Microorganisms were identified according to standard methods.
Data collected at the time of enrolment included demographic information, previous history of admission to hospital, drug history, antibiotic therapy before admission, symptoms, laboratory findings and cultures. Severity of illness at the time of admission was evaluated according to the Pneumonia Patient Outcome Research Team (PORT) score [6] . Length of hospital stay was calculated from time of presentation to the emergency department until discharge from hospital.
Statistical analysis
For analysis of data, SPSS, version 12.0 was used. The significance of proportional differences between nominal variables was determined using the chi-squared test or Fisher exact test, and differences between continuous variables were determined using the Student t-test. A 2-tailed P < 0.05 was used to define statistical significance. Logistic regression was performed using those variables found significant in univariate analysis.
Results
The study population of 1362 consecutive patients with bacterial CAP comprised 722 men (53%) and 640 women (47%), ranging in age from 18.0 years to 104.8 years, mean 69.0 [standard deviation (SD) 18.4] years. Sputum was collected from 539 (39.6%) patients; 507 (94.1%) samples were acceptable for processing for culture. We recovered ≥ 1 microorganism from 171 (33.7%) specimens (representing 12.6% of the initial 1362 patients).
Isolated microorganisms from sputum included Strep. pneumoniae (n = 59), H. influenzae (n = 40), Staph. aureus (n = 23), Moraxella catarrhalis (n = 15), Pseudomonas aeruginosa (n = 14), Strep. spp. (n = 12), Klebsiella pneumoniae (n = 5), H. parainfluenzae (n = 4), Stenotrophomonas (Xanthomonas) maltophilia (n = 3), Escherichia coli (n = 3), Serratia marcescens (n = 2), Acinetobacter calcoaeticus (n = 2), Pseudomonas fluorescens (n = 2), Alcaligenes xylosoxidans (n = 1), Proteus mirabilis (n = 1), Enterobacter cloacae (n = 1) and Klebsiella ozaenae (n = 1). There were no isolates of methicillin-resistant Staph. aureus.
Female sex, heart disease, dementia, altered mental status, risk classes IV-V [6] and death as an outcome during hospitalization were all associated with not having sputum collected for culture. Logistic regression analysis of variables significant in the univariate analysis (Table 1) showed sputum collection was dependent on site of hospitalization-site D versus site C (P < 0.001), and site C versus sites E (P = 0.045) and F (P = 0.001); also male versus female (P = 0.023); smokers versus non-smokers (P = 0.017); in those with cough versus no cough (P < 0.001); and no altered mental state versus altered mental state (P = 0.001).
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There were no significant differences between patients with positive sputum culture and those with no sputum collection regarding sex, risk class and co-morbidity (including asthma, chronic obstructive pulmonary disease, diabetes mellitus, heart disease and cancer). However the mean age of the sputum positive group, 65.8 (SD 19.1) years, was lower than mean age of those who did not have a sputum culture done, 70.9 (SD 18.1) years (P = 0.001). Patients with positive sputum culture were more 
likely to have fever, shaking chills, shortness of breath and cough, and less likely to have altered mental state than patients with no sputum collection ( Table 1) . Table 2 shows sputum collection, quality and culture results according to the PORT score in 1362 patients with CAP. The percentage of patients with sputum collected decreased with increasing risk class, and since age is the major driver of risk class, this is likely to be a reflection of increasing age.
Levofloxacin (n = 137, 80.1%) cefuroxime (n = 37, 21.6%) and azithromycin (n = 32, 18.7%) were the most common antibiotics prescribed for those with positive sputum culture; in the group from whom no sputum was collected, corresponding values were: levofloxacin 677 (82.3%), cefuroxime 172 (20.9%) and azithromycin 130 (15.8%). Patients with a positive sputum culture were more likely to receive ciprofloxacin and ceftazidime as part of their antibiotic regimen. Of the 46 patients who gave no sputum sample and who received ciprofloxacin or ceftazidime, 9 died compared to 3 of the 27 with a positive sputum culture who received these 2 drugs (P = 0.51). Ninetythree (54.4%) patients with positive sputum culture and 473 (57.5%) of those from whom no sputum was collected received monotherapy (P = 0.497).
The mean length of stay was statistically significantly lower in the positive sputum culture group, 8.8 (SD 8.0) days than in the group from whom no sputum was collected, 10.8 (SD 13.9) days (P = 0.012). Patients with positive sputum culture had lower death rate (9/171, 5.3%) both in comparison with patients from whom no sputum was collected (114/823, 13.9%) (P = 0.002) and patients with "negative or poor or no sputum collection" (136/1191, 11.4%) (P = 0.015). However on logistic regression analysis these differences disappeared. Table 3 shows the results of sputum culture done on those who had no prior antibiotic treatment versus those who had received antibiotics prior to hospitalization. The number of specimens with Staph. aureus, aerobic Gram-negative rods and fungi was higher in latter group
Discussion
For decades, sputum culture as a tool for the management of CAP has been a matter of controversy [5, 7] . Although sputum culture is considered the basis for the bacteriological diagnosis of pneumonia, its reliability has been challenged because of low sensitivity and specificity [8] . Most of the time sputum specimens submitted for culture were not collected correctly and contained oropharyngeal or upper respiratory secretions [8] . However in a prospective study of the diagnostic value of sputum culture in acute pneumonia in 16 patients, culture of transtracheal aspirate and/or bronchial aspi- 
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rate from patients with acute pneumonia did not provide a diagnosis any more frequently than from sputum culture alone [5] . In our study, sputum was collected from only 40% of cases, however, 94% of the collected sputum samples were of good quality. Although one-third of the good quality sputum specimens yielded a causative organism, we actually isolated microorganisms from only 12.6% of the patients with CAP. This compares with a prospective study in 2005 of 262 patients hospitalized with CAP, of 157 patients who had sputum collected, only 44 (28.0%) were adequate for culture; 36 of these gave a positive result, which meant that 13.7% of all patients in the study had a positive culture [9] .
In a cohort study of 1669 patients for assessment of the usefulness of sputum culture for diagnosis of CAP, only 532 (54%) of the 983 patients with sputum production gave a good quality sample, and overall 264 (15.8%) patients had positive sputum culture [3] . There were no significant differences in rates for sputum sample obtained, good quality sample and positive sputum culture according to severity of pneumonia using the PORT severity of illness scoring system. However, in our study we noted a higher rate of sputum collection for low risk classes I-II compared to high risk classes IV-V; but there were more good quality sputum samples in classes IV-V than in classes I-II and III. 
In a study of sputum examination in the management of patients with CAP in a primary care hospital, 36.4% of 116 patients were capable of producing a sputum sample, of which 54.7% gave samples valid for culture [10] . There was a delay of more than 24 hours in 31% of the patients for collection of sputum and in 52% for processing. Delay in processing was associated with an increase in the isolation of Candida spp. In a number of studies [10] [11] [12] [13] , including ours, microorganism recovery was very low in sputum cultures owing to factors such as processing of sputum collection and prior antibiotic therapy, which can decrease diagnostic yield. The value of sputum culture is decreased by the administration of antibiotics before hospitalization, however in a substantial number of samples, Strep. pneumoniae and H. influenzae were isolated in our patients even though they had taken antibiotics before admission. In a previous study, it was noted that increasing prevalence of Gram-negative bacilli among oropharyngeal bacterial flora in patients with illnesses of varying severity was not correlated with antibiotic administration or inhalation therapy; in our study, however, we found an increased number of Gramnegative rods in patients who had received antibiotics before admission [14] .
Patients with a positive sputum culture for aerobic Gram-negative bacteria were more likely to receive ciprofloxacin and ceftazidime as part of their antibiotic regimen. However, use of these antibiotics did not explain the trend towards reduced mortality.
The major limitation of the present study is that we did not have sputum specimens from all the patients.
To sum up, sputum culture was performed infrequently and a positive sputum culture did not influence mortality rate or length of stay.
